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2aecting matter or gauge elds could have played an im-
portant role to produce ination.
As an example of our proposal, we will consider the
cosmological model of the Kantowski-Sachs metric. In































The corresponding Wheeler-DeWitt equation, in a par-




















































is the modied Bessel function. Packet waves
of these solutions have been constructed as superpo-














































has been obtained [28, 29]. A possible connection with
quantum black holes [29, 30] and quantum wormholes
[31, 32] has been suggested.
For our noncommutative proposal of quantum cosmol-
ogy we will follow the procedure outlined above. We will
assume that the \coordinates" 
 and  in the Kantowski-
Sachs minisuperspace obey a kind of commutation rela-
tion like the one in noncommutative quantum mechanics
[24]
[
; ] = i: (5)
This will imply a Moyal product
f(
; )  g(













































After choosing the same factor ordering as in the com-
mutative case and using the fact that
























; ) = 0:
(9)
Assuming a separation of variables with the ansatz
 (




we observe that the operator P

in the exponential in (9)
will shift the wave function by a factor
 (
;    i
p
3) = exp( 3i) (
; ); (11)
thus (

















This equation can be solved, in the same manner as in
the commutative case by a modied Bessel function K
i
,



























These are the solutions to the Wheeler-DeWitt equa-
tion (9). Note that noncommutativity induces a dier-
ence of the arguments of the Bessel functions in these
solutions, and we can expect that the noncommutativity
eects are enhanced for  
 
.
In order to see the consequences of the noncommuta-
tivity, let us consider a wave packet weighted by a gaus-
sian
	(











; ) d: (14)
This integral is performed by numerical integration. We
are interested to see which is the inuence of the  pa-
rameter, but we are as well interested on changes of the
 variable, which reects the anisotropy of the solution.
For illustrative purposes we show the graphics of j	j
2
against 
 for xed values a = 8, b = 1:3, and: gure 1,
 = 1 and  = 0, gure 2,  = 1 and  = 4, gure 3,
 = 8 and  = 0 and gure 4,  = 8 and  = 9.


































We see that the quantum behavior of the universe is
dramaticallymodied if minisuperspace noncommutativ-
ity is present. For the  = 1 case for increasing , j	j
2
shows a kind of oscillation with a rapid increase in the
number of maxima. For  = 8 the behavior is more spec-
tacular, for  = 0 the wave function is gaussian, however,
for  = 9 two clearly separated peaks are shown. If j	j
2
should give us information about the possibilities to nd
the universe [17, 18] at some specic 
 and  values, for
xed , then its peak should represent a way to nd the
most probable eigenstate. As can be seen from the g-
ures, the behavior with respect to 
 shows already that
the  parameter can produce dierent well peaked max-
ima. There exists also the possibility that these peaks
\compete" to be the most probable eigenstate of the uni-
verse. Figure 5 shows j	j
2
, for  = 8 with 
 varying in
the range f0; 50g and  in the range f0; 20g. The same


















In the following, considerations to our results are made
and possible future work directions are mentioned. The
ultraviolet divergences of perturbative quantum gravity
occur near the Planck scale, thus they should be rele-
vant at early universe times. Nevertheless, it is argued
that noncommutativity should alleviate them. Although
quantum cosmology, as discussed above, is only a limited
model in an attempt to describe some of the features of
the quantum theory of the universe, the consideration of
noncommutativity seems to be a way to take into account
the presence of constant Neveu-Schwarz background B-
elds in M(atrix) [4] and string theory, at early times in
the universe.
From the usual commutative eigenstate, for some mod-
els and under certain assumptions, one can extract infor-
mation to nd a classical metric and solution [29, 33, 34].
This possibility will be also investigated for the noncom-
mutative eigenstates.
Further work in more realistic cosmologicalmodels will
be needed to search for constraints on the range of val-
ues of the  parameter in the early stages of evolution
of the universe. The inclusion of matter should also be
considered. In our proposal this is in principle possible
because it means to enlarge the minisuperspace cong-
uration space and consider an appropriate commutativ-
ity among its coordinates. Following these lines, we will
consider also the supersymmetric extension [35] to these
models.
In previous work, the Wheeler-DeWitt equation of the
4Kantowski-Sachs model has been related to quantum
black holes [29, 30] and wormholes [31, 32], it could be
interesting to search for an extension of our results to a
possible noncommutative version of these quantum grav-
itational systems.
As already mentioned, there are in the literature pro-
posals for a noncommutative theory for gravity [9, 10, 11,
12, 13]. In particular, in reference [13] the Seiberg-Witten
map was used to construct a deformed Einstein gravity.
By means of this result, one could try to nd the corre-
sponding noncommutative Wheeler-DeWitt equation for
specic cosmological models. In that case the correction
 terms corresponding to spacetime noncommutativity
could be considered in order to search for another way
to dene a noncommutative cosmological model, even
though cosmology depends only on time. The compu-
tation of this Wheeler-DeWitt equation could be a com-
plicated task, because at each  order higher derivative
terms will appear. If such a noncommutative gravity
model could be dened, its quantum cosmological solu-
tions and the corresponding eigenstates could be com-
pared with those obtained by means of our noncommu-
tative minisuperspace proposal. Such an approach is cur-
rently under exploration.
In future work, we intend to work on generalizations
to the proposal presented here for noncommutative su-
persymmetric quantum cosmology models [35] as well
as for noncommutativity in midisuperspace [36] and su-
perspace, analyzing also formalisms for noncommutative
quantum gravity [9, 10, 11, 12, 13].
Our simple proposal provides a picture of the dramatic
inuence that noncommutativity could have played at
early stages of the universe. We have been able to ob-
tain and work with an exact quantum solution for the
Kantowski-Sachs metric. Further work is needed to an-
alyze the physical consequences of these results on the
evolution of the universe and on its present-day form. It
will also be necessary to extend these ideas to other, more
general models. In particular, it would be very interest-
ing to reinterpret the results of reference [37], concerning
the inuence of primordial magnetic eld in the classi-
cal cosmology, in terms of the noncommutativity of the
minisuperspace of its corresponding quantum cosmology.
Results in these directions and those mentioned above
will be presented elsewhere.
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